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(57)  Progressively locking a friction clutch from a shift
start time t1 thereby causes the friction clutch transmis-
sion torque Tfc to gradually increase from zero to a max-
imum value. With this, given that the transmission torque
Tdc for a dog clutch is equal to the transmission input
torque (motor torque Tm) minus Tfc, the transmission
torque Tdc gradually decreases from the maximum value
at tl. A withdrawal force Fdc = Fdc_L (a permitted upper
limit value for the shift shock) is applied to the dog clutch
beforehand from t2 which is a set time TMs that has
passed after t1. With this, the dog clutch transmission
torque Tdc which continues to decrease even after the
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Description
Technical Field

[0001] The present invention relates to a shift control
device for an automatic transmission. More specifically,
the present invention relates to techniques for improving
the shift quality by the so-called shift elements wherein
an interference shift element such as a dog clutch is
switched from an engaged state to a disengaged state
while a friction shift element such as a friction clutch or
a friction brake is switched from a released state to a
locked state.

Background Art

[0002] For example, one of the existing automatic
transmissions proposed is the automatic transmission
described in Patent Document 1, which is an automatic
transmission that shifts gears by switching the interfer-
ence shift element such as adog clutch from the engaged
state tothe disengaged state, and by switching the friction
shift element such as a friction clutch or a friction brake
from the released state to the locked state.

[0003] The automatic transmission system used inthe
motor transmission system for a hybrid vehicle selects
and uses either a high speed transmission system that
transmits the rotations of the electric motor at high speed,
or a low speed transmission system that transmits the
rotations of the electric motor at low speed. In short, plac-
ing the dog clutch in the engaged state and the friction
clutch in the released state thereby allows selection of
the low speed transmission system, and placing the dog
clutch in the disengaged state and the friction clutch in
the locked state allows selection of the high speed trans-
mission system.

[0004] In the case of this kind of automatic transmis-
sion, when switching (shifting) from the state of using the
low speed transmission system to the state of using the
high speed transmission system, the shifting (upshift) in-
volves switching the dog clutch from the engaged state
to the disengaged state, and switching the friction clutch
from the released state to the locked state.

[0005] In the invention described in Patent document
1, when shifting, the shifting (upshift) is performed by
first, switching the dog clutch from the engaged state to
the disengaged state, and thereafter switching the friction
clutch from the released state to the locked state.

Prior Art Documents
Patent Documents

[0006] Patent Document 1: Japanese Unexamined
Patent Publication No. 2010-188795
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Disclosure of the Invention
Problems to be Solved by the Invention

[0007] Thus, in this manner, first switching the dog
clutch to the disengaged state, and then switching the
friction clutch to a locked state results in a time when
both the dog clutch and the friction clutch cannot transmit
power, and during this period the automatic transmission
is in a neutral state (neutral position).

[0008] In addition to causing the drive torque to tem-
porarily drop to zero, which results in the feeling of de-
celeration, the temporary neutral state (neutral position)
of the automatic transmission causes an increase in the
input rotation speed to the automatic transmission (rota-
tion speed of the electric motor), leading to a shift shock
caused by the change in input rotations, and in any case
resulting in reducing the shift quality.

[0009] To address the above mentioned problems and
realize improvement in shift quality, the presentinvention
aims provide a shift control device for an automatic trans-
mission capable of performing shift control so that the
above mentioned neutral state (neutral position) does
not occur even when switching the interference shift el-
ement from the engaged state to the disengaged state
and switching the friction shift element from the released
state to the locked state.

Means for Solving the Problems

[0010] For this purpose, the shift control device for an
automatic transmission according to the present inven-
tion has the following configuration. First, in the automatic
transmission as premised in the present invention, shift-
ing is possible by switching the interference shift element
from the engaged state to the disengaged state and
switching the friction shift element from the released state
to the locked state.

[0011] The presentinventionis characterized in having
an automatic transmission configured with the progres-
sive friction-shift-element switchover means, and an in-
terference-shift-element switchover means.

[0012] The former progressive friction-shift-element
switchover means causes progressive switching of the
above mentioned friction shift element from the released
state to the locked state prior to the switching of the in-
terference shift element from the engaged state to the
disengaged state.

[0013] Further, the latter interference-shift-element
switchover means causes the switching of the above
mentioned interference shift element from the engaged
state to the disengaged state when the transmission
torque for the interference shift element decreases to a
predetermined value as the above mentioned progres-
sive friction-shift-element switchover means causes the
switching of the friction shift element from the released
state to the locked state.
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Effects of the Invention

[0014] The shift control device for automatic transmis-
sion according to the present invention causes the pro-
gressive switch of the friction shift element from the re-
leased state to the locked state prior to the switching of
the interference shift element from the engaged state to
the disengaged state; and as the friction shift element is
progressively switching from the released state to the
locked state, the shift control device causes the switch
of the interference shift element from the engaged state
to the disengaged state when the transmission torque of
the interference shift element has decreased to a prede-
termined value to thereby execute the above mentioned
shifting. Therefore the shift control device for automatic
transmission according to the present invention has the
following effects.

[0015] Thatis, there is no time when both the interfer-
ence shift element and the friction shift element cannot
transmit power; therefore, while shifting, the automatic
transmission does not enter a neutral state (neutral po-
sition) where power transmission impossible. According-
ly, while shifting there is no instance when the drive
torque becomes zero, and there is no feeling of deceler-
ation.

[0016] For the same reason, the input rotation speed
to the automatic transmission does not temporarily in-
crease, and it is possible to avoid the shift shock that
would be caused by the change in input rotations.
[0017] Hereby, in any case the problems presentinthe
conventional shift control device pertaining to reduced
shift quality are addressed by the present invention.

Brief Description of the Drawings
[0018]

FIG. 1is a simplified line graphic illustrating the drive
device for a hybrid vehicle containing an automatic
transmission equipped with a shift control device ac-
cording to the first embodiment of the present inven-
tion, together with the shift control system in the au-
tomatic transmission.

FIG. 2 is a flowchart illustrating the shift control pro-
gram executed by the controller in FIG. 1.

FIG. 3 is an operation time chart illustrating the shift
control performed in accordance with the shift control
program in FIG. 2.

FIG. 4 is a characteristic line diagram illustrating the
relationship between the transmission torque for the
dog clutchin FIG. 1 and the withdrawal force required
for switching the dog clutch from the engaged state
to the disengaged state.

FIG. 5is a flowchart similar to FIG. 2, illustrating the
shift control program for the shift control device ac-
cording the second embodiment of the present in-
vention.

FIG. 6 is an operation time chart illustrating the shift
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control performed in accordance with the shift control
program in FIG. 5.

FIG. 7 is a flowchart similar to FIG. 2, illustrating the
shift control program for the shift control device ac-
cording the third embodiment of the present inven-
tion.

FIG. 8 is an operation time chart illustrating the shift
control performed in accordance with the shift control
program in FIG. 7.

Reference Numerals

[0019]

1 Engine

MG1 First motor-generator (Generator)

MG2 Second motor-generator (Electric motor)
2 Power transfer device

6 First shaft

7 Second shaft

8 Low side transmission unit

8a,8b  Low speed gear set

8c Dog clutch (Interference shift element)

9 High side transmission unit

9a, 9b  High speed gear set

9c Friction clutch (Friction shift element)
11,12 Final drive gear set

13 Differential gear device

14 Drive wheel

21 Controller

23 Dog clutch transmission torque (Transmission

torque detection means)
Preferred Embodiments of the Invention

[0020] Embodiments of the invention will be explained
below based on the attached drawings.

Embodiment 1
<Configuration>

[0021] FIG. 1is a simplified line graphic illustrating the
drive device for a hybrid vehicle containing an automatic
transmission equipped with a shift control device accord-
ing to the first embodiment of the present invention; the
drive device has the configuration described below.

[0022] An engine 1 (ENG) which is an internal com-
bustion engine, a first motor-generator MG1 which is
used primarily as a generator, and a second motor-gen-
erator MG2 which is used as the electric motor are pro-
vided to serve as the source of power for the drive device.
The engine 1 and the first motor-generator MG1 are
placed facing each other on the same shaft, with a power
transfer device 2 placed on the same shaft interposed
between the engine 1 and the first motor-generator MG1.
[0023] The power transfer device 2 is a simple plane-
tary gear set comprising a central sun gear SG, a ring
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gear RG that is concentric with and surrounds the sun
gear SG, a plurality of pinions PG which engages with
the sungear SG and thering gear RG, and a pinion carrier
PC which support the pinions PG to freely rotate.
[0024] The output shaft (crank shaft) 4 of the engine 1
is coupled to the pinion carrier PC in the power transfer
device 2, and the output shaft 5 of the first motor-gener-
ator MG1 is coupled to the sun gear SG in the power
transfer device 2.

[0025] A first shaft 6 and a second shaft 7 are placed
side by side and respectively parallel to the same shaft
on which the engine 1, the power transfer device 2, and
the motor-generator MG1 are arranged. The second mo-
tor-generator MG2, which is used as the electric motor,
is coupled to and drives the second shaft 7; below is a
description of the automatic transmission used for output
of the motor power that passes from the motor-generator
MG2 sequentially through the second shaft 7 and the first
shaft 6.

[0026] In other words, a low side transmission unit 8
for selecting a low side transmission path, and a high
side transmission unit 9 for selecting a high side trans-
mission path are arranged and provided on the first shaft
6 and the second shaft 7 respectively to output the above
mentioned motor power.

[0027] A low-speed gear set comprises a gear 8a sup-
ported on the first shaft 6 to rotate freely, and a gear 8b
which rotates together with the second shaft 7. The low
side transmission unit 8 is constituted by a dog clutch 8c
which functions as the interference shift element de-
scribed below. The low side transmission unit 8 is for
rotationally engaging the gear 8a with, and disengaging
the gear 8a from, the first shaft 6 in order for the low
speed gear set to provide a drive connection between
the first shaft 6 and the second shaft 7.

[0028] The dogclutch 8cis equipped with a clutch gear
8d provided on the gear 8a, a clutch hub 8e coupled with
the first shaft 6, and a coupling sleeve 8f. The dog clutch
forms clutch teeth of similar construction as the outer
circumference of the clutch gear 8d and the clutch hub 8e.
[0029] When the coupling sleeve 8f is in the engage-
ment position shown and engages both the clutch gear
8d and the outer clutch teeth of the clutch hub 8e, the
dog clutch 8c couples the gear 8d with the first shaft 6;
thereby the dog clutch 8cis in the engaged state wherein
the gears 8b, 8a transmit motor power from the motor-
generator MG2 and from the second shaft 7 to the first
shaft 6 to output the motor power.

[0030] When the coupling sleeve 8f is in the disen-
gaged position, that is, when the coupling sleeve 8f is
shifted in the shaft direction from the position shown
causing either the clutch gear 8d or the outer clutch teeth
of the clutch hub 8e to no longer be engaged, the dog
clutch separates the gear 8d from the first shaft 6; thereby
the dog clutch 8c is in the disengaged state where the
gears 8b, 8a cannot transmit motor power from the motor-
generator MG2 and from the second shaft 7 to the first
shaft 6.
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[0031] A hydraulic actuator (not shown) may be used
for shifting the coupling sleeve 8f in the shaft direction.
[0032] A high speed gear set comprises a gear 9a sup-
ported on the second shaft 7 to rotate freely, and a gear
9b which rotates together with the first shaft 6. The high
side transmission unit 9 is constituted by a friction clutch
9c¢ which functions as the friction shift element described
below. The high side transmission unit 9 is for coupling
the gear 9a with the second shaft 7 and separating the
gear 9a from the second shaft 7 in order for the high
speed gear set to provide a drive connection between
the first shaft 6 and the second shaft 7. The friction clutch
9c is equipped with a driven clutch disk 9d which rotates
together with the gear 9a, a driving clutch disk 9e which
rotates together with the second shaft 7, and a hydraulic
clutch piston 9f. The friction clutch 9c functions as follows.
[0033] When the clutch piston 9f uses hydraulics to
bring the clutch disks 9d, 9e in mutual frictional contact,
the friction clutch 9¢ couples the gear 9a to the second
shaft 7 and the second shaft 7 drives the gear 9a; thereby
the friction clutch is in a locked state wherein the gears
9a, 9b transmit motor power from the motor-generator
MG2 and from the second shaft 7 to the first shaft 6 to
output the motor power. When the clutch piston 9f does
not operate due to the loss of hydraulic fluid pressure
and the clutch disks 9d, 9e are not keptin mutual frictional
contact, the friction clutch 9¢ does not allow coupling of
the gear 9a to the second shaft 7 and driving of the gear
9a by the second shaft 7; thereby the friction clutch 9c is
in areleased state wherein the gears 9a, 9b cannottrans-
mit motor power from the motor-generator MG2 and from
the second shaft 7 to the first shaft 6.

[0034] Moreover,inorderfor the gear ratio of the gears
9a, 9b to function in the high speed gear set, the gear
ratio will of course be set smaller than the gear ratio of
the gears 8b, 8a that make up the low speed gear set. A
gear is provided at the outer circumference of the ring
gear RG that is part of the power transfer device 2. The
gear engages with the gear 9b in the high speed gear
set, thereby enabling power transfer between the first
shaft 6 and the ring gear RG in the power transfer device
2.

[0035] A gear 11is attached to the first shaft 6; the first
shaft 6 is coupled to and drives a differential gear device
13 by way of a final drive gear set which is constituted
by the gear 11 and a gear 12 engaged with the gear 11.
Hereby, the motor power from the motor-generator MG2
that reaches the first shaft 6 travels through the final drive
gear set 11, 12 and the differential gear device 13 and
is transmitted to the left and right drive wheels 14 (only
one of the drive wheels is illustrated in FIG. 1).

<Operation>

[0036] The engine 1 drives the motor-generator MG1
by way of the power transfer device 2 and the electric
power that the motor-generator MG1 generates is stored
in a battery (not shown); and the motor-generator MG2
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acquires the electric power in the battery for driving. The
motor power from the motor-generator MG2 is transmit-
ted as follows.

[0037] If the dog clutch 8c is in the disengaged state
wherein the gear 8a is not rotationally engaged with the
first shaft 6, the motor power from the motor-generator
MG2 cannot be transmitted from the second shaft 7 to
the first shaft 6 by way of the gears 8b, 8a. Moreover, if
the friction clutch 9c is in the released state wherein the
gear 9a cannot be coupled with and driven by the second
shaft 7, the motor power from the motor-generator MG2
cannot be transmitted from the second shaft 7 to the first
shaft 6 by way of the gears 9a, 9b. Therefore the auto-
matic transmission is in the neutral state where the motor
power is not being sent to the drive wheels and it is pos-
sible to stop the vehicle.

[0038] When the low speed gear is selected, the dog
clutch 8c is in the engaged state that causes the gear 8a
to be rotationally engaged with the first shaft 6 and the
motor power from the motor-generator MG2 to be trans-
mitted from the second shaft 7 to the first shaft 6 by way
of the gears 8b, 8a; at that time the motor power to the
second shaft 7 passes through the gears 8b, 8a, the dog
clutch 8c which is in the engaged state, the first shaft 6,
the final drive gear set 11, 12, and the differential gear
device 13 to the drive wheels 14. Consequently, the au-
tomatic transmission can drive the wheels 14 at a low
speed, and cause the vehicle to drive at the low speed.
[0039] When the high speed gear is selected, the fric-
tion clutch is in the locked state that causes the gear 9a
to be coupled with and driven by the second shaft 7 and
the motor power from the motor-generator MG2 to be
transmitted from the second shaft 7 to the first shaft 6 by
way of the gears 9a, 9b; at that time the motor power to
the second shaft 7 passes through the gears 9a, 9b, the
friction clutch 9c which is in the locked state, the first shaft
6, the final drive gear set 11, 12, and the differential gear
device 13 to the drive wheels 14. Consequently, the au-
tomatic transmission can drive the wheels 14 at a high
speed, and cause the vehicle to drive at the high speed.
[0040] Thus, regenerative braking while traveling at
the above mentioned low or high speeds applies a gen-
eration load to the motor-generator MG1. Hereby, as the
motor-generator MG1 is being driven via the power trans-
fer device 2 by the gear 9b which rotates together with
the first shaft 6 that is constantly engaged with the wheels
14, the motor-generator MG1 generates the power re-
sponsive to the generation load to perform regenerative
braking and stores the electric power generated at that
time in the aforementioned battery. Moreover, in this
manner the motor-generator MG1 may be used not only
as agenerator, butalso as an electric motor that operates
to supplement the lack of power when the vehicle is in a
driving state where the power from the motor-generator
MG2 alone is insufficient. At this time, the engine 1 may
also operate to supplement for said lack of power as nec-
essary.

10

15

20

25

30

35

40

45

50

55

<Problems and Countermeasures during Shift Control>

[0041] In the above mentioned automatic transmis-
sion, upshifting from a low speed selection state to a high
speed selection state is carried out by switching the dog
clutch 8c from the engaged state to the disengaged state,
and switching the friction clutch 9c from the released state
to the locked state. In other words, the shifting in question
is carried out by interchanging both of the clutches 8c, 9c.
[0042] Thus, when performing the relevant shifting,
switching the dog clutch 8c from the engaged state to
the disengaged state first, and then switching the friction
clutch 9c from a released state to a locked state results
in a period when both the dog clutch 8c and the friction
clutch 9c cannot transmit power, and during this period
the automatic transmission is in a neutral state (neutral
position).

[0043] Iftheengineis stopped andthe motor-generator
MGH1 is not producing any torque, the temporary neutral
state of the automatic transmission not only temporarily
reduces the driving torque to the wheels 14 to zero giving
the passenger a feeling of deceleration, but also causes
a temporary increase in the input rotation speed in the
automatic transmission (the rotation speed of the motor-
generator MG2). Then, when the friction clutch 9c¢ switch-
es to the locked state, the input rotation speed of the
automatic transmission (the rotation speed of the motor-
generator MG2) is reduced to match the post-shift rota-
tion speed determined by the vehicle speed and the gear
ratio of the high speed transmission system (gears 9a,
9b) resulting in a change in input rotations that leads to
the generation of shift shock, and thus brings about re-
duced shift quality.

[0044] In the present embodiment, even when switch-
ing the dog clutch 8c from the engaged state to the dis-
engaged state, and switching the friction clutch 9¢ from
the released state to the locked state in order to shift, by
performing shift control as described below so that the
automatic transmission is not temporarily in the neutral
state, the above mentioned problem may be resolved
and the shift quality improved.

[0045] First, the shift control system for solving the
above problem will be described based on FIG. 1. The
shift control system is provided with a controller 21 that
performs the shift switch control during the switch from
the engaged state to the disengaged state in the dog
clutch 8c (coupling sleeve 8f), and that performs hydrau-
lic actuation control during the switch from the released
state to the locked state in the friction clutch 9c (clutch
piston 9f).

[0046] The controller 21 receives an input of signals
from a sensor group 22 that detects the shift control in-
formation needed for basic shift control such as the ve-
hicle speed VSP or the accelerator position APO, and an
input of signals from a transmission torque sensor 23
(transmission torque detection means) which detects the
transmission torque Tdc of the dog clutch 8c and is nec-
essary for realizing the aspects of the present embodi-
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ment.

[0047] The controller 21 executes the control program
in FIG. 2 based on the input information and executes
the above mentioned upshift as shown in FIG. 3.
[0048] In step S11, it is confirmed whether or not the
system is at the shift start instant t1 in FIG. 3 in accord-
ance with whether or not the above mentioned upshift
(shift) command was issued. If no shift command was
issued, then the control flow is just before the shift start
instant t1 in FIG. 3, and the control ends without change
because there is no need to execute the control program
in FIG. 2.

[0049] When it is determined at step S11 that a shift
command was issued (the system has reached shift start
instantt1 in FIG. 3), first, in step S12 progressive locking
is started in the friction clutch 9c which is in the released
state, and the progressive locking continues until the fric-
tion clutch 9c is completely locked. As illustrated in FIG.
3 the transmission torque Tfc of the friction clutch 9¢c
starts at zero at the shift start time t1 and gradually in-
creases along a predetermined gradient to the maximum
value.

[0050] Therefore step S12 corresponds to a means for
prioritizing the switching of the friction shift element in
the present invention.

[0051] Inthenextstep S 13, atimer TMis incremented
(stepped) in order to measure the amount of time that
passes after the shift start instant t1 (the start time for
progressive locking of the friction clutch 9c).

[0052] In step S14, it is confirmed whether or not the
time TM is indicating no less than a set time TMs. That
is, the controller confirms whether or not the settime TMs
has passed since the shift start instant t1 (the start time
for progressive locking of the friction clutch 9c).

[0053] Here the above mentioned set time TMs will be
explained.

[0054] When the progressive locking of the friction
clutch 9c gradually increases the friction clutch transmis-
sion torque Tfc, the transmission torque Tdc for the dog
clutch 8c is a value resulting from the motor torque Tm
of the motor-generator MG2 which is the input torque for
the transmission minus the friction clutch transmission
torque Tfc. Therefore as shown in FIG. 3 the dog clutch
transmission torque Tdc gradually decreases from the
maximum value at the shift start time t1 along a prede-
termined gradient.

[0055] On the one hand, the dog clutch withdrawal
force Fdc required in order to actuate the shift of the dog
clutch 8c from the engaged state to the disengaged state
during the above mentioned shifting changes inresponse
to the dog clutch transmission torque Tdc as exemplified
in FIG. 4; the larger the dog clutch transmission torque
Tdc the larger the required dog clutch withdrawal force
Fdc.

[0056] Meanwhile,the shift shock generated due to the
actuation of the shift of the dog clutch 8c from the en-
gaged state to the disengaged state becomes larger
when the dog clutch transmission torque Tdc (conse-
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quently the dog clutch withdrawal force Fdc) is large. In
order to keep the shift shock within a tolerance level, it
is necessary to keep the dog clutch transmission torque
Tdc (dog clutch withdrawal force Fdc) at or below the
permitted upper limit value Tdc_L (Fdc_L) for shift shock
exemplified in FIG. 4.

[0057] Therefore, when determining the set time TMs
in step S14, the set time TMs is defined as the time need-
ed less a given proportional margin for the dog clutch
transmission torque Tdc (dog clutch withdrawal force
Fdc) which is gradually decreasing from the shift start
time t1 along a predetermined gradient as shown in FIG.
3 to fall to the permitted upper limit value Tdc_L (Fdc_L)
for shift shock exemplified in FIG. 4.

[0058] In step S14 where TM > TMs is determined in
FIG. 3, when the timer TM is before the instant t2, the
control returns to step S13 in standby while continuing
the clock count using the timer TM. In step S 14 where
TM > TMs is determined in FIG. 3, when the timer has
advanced past the instant t2, the control proceeds to step
S15 where the dog clutch withdrawal force Fdc is
changed from zero to the permitted upper limit value
Fdc_L (or less).

[0059] Inthis manner, ifitis ensured that a withdrawal
force Fdc equal to the permitted upper limit value or less
is applied to the dog clutch 8c beforehand, the dog clutch
transmission torque Tdc which continues to decrease
even after the instant t2 (refer to FIG. 3) decreases to a
torque value that corresponds to the dog clutch withdraw-
al force Fdc (< FAC_L) at the instant t3 which is the time
that the dog clutch 8c automatically switches from the
engaged state to the disengaged state due to the with-
drawal force Fdc (< FAC_L). Therefore step S15 corre-
sponds to the interference-shift-element switchover
means in the present invention.

[0060] In step S16, the control program confirms
whether or not the dog clutch 8c is in the disengaged
state due to the state change in the dog clutch 8c. During
the time the dog clutch 8c is not yet in the disengaged
state, the control returns to the step S 15 and is on stand-
by. At the instant t3 in FIG. 3 when the dog clutch 8c is
in the disengaged state, the control proceeds to step S
17 and the dog clutch withdrawal force Fdc is set to zero.
[0061] Inthenextstep S18,the control confirms wheth-
er or not shifting is in an inertia phase which is at instant
t5 when shifting ends. The inertia phase occurs after the
instant t4 (FIG. 3) when a torque phase terminates. The
torque phase includes the progressive locking of the fric-
tion clutch 9c during step S12, and the switch to the dis-
engaged state in the dog clutch 8c during step S15 and
step S16.

[0062] When it is determined that the control has not
yet reached the shift end instant t5, the control returns
tothe instantjustbefore and proceeds to the inertia phase
after the instant t4. When it is determined that the inertia
phase is complete and the control has reached the shift
end instant t5, the timer TM used in step S13 is reset to
zero in preparation for the next shift control.
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<Effects>

[0063] The shift control in the first embodiment illus-
trated in the above mentioned FIGS. 2 and 3 performs
as follows.

[0064] On switching the dog clutch 8c from the en-
gaged state to the disengaged state, and switching the
friction clutch 9c¢ from the released state to the locked
state in order to shift, the shift control:

causes progressive switching of the friction clutch
9c to the locked state (step S12) prior to the switch
of the dog clutch 8c to the disengaged state; and
while progressively switching the friction clutch 9c to
the locked state, in order for the dog clutch 8c to
automatically switch from the engaged state to the
disengaged state, the withdrawal force Fdc = Fdc_L
is applied to the dog clutch 8c beforehand (step S15)
when, as shown in FIG. 3, the decreasing transmis-
sion torque Tdc of the dog clutch 8c arrives at a pre-
determined value Tdc_L (t3).

[0065] Thatis, thereisnotimewhenboththe dog clutch
8c and the friction clutch 9c cannot transmit power; there-
fore, while shifting, the automatic transmission does not
enter a neutral state where power transmission impossi-
ble. Accordingly, while shifting there is no instance when
the drive torque becomes zero, and there is no feeling
of deceleration.

[0066] For the same reason, the input rotation speed
to the automatic transmission (rotation speed of the mo-
tor Nm) does not temporarily increase, and it is possible
to avoid the shift shock that would be caused by the
change in input rotations.

[0067] Hereby, according to the present embodiment,
it is possible to greatly improve the shift quality when
shifting by switching the dog clutch 8¢ from the engaged
state to the disengaged state, and switching the friction
clutch 9c from the released state to the locked state.
[0068] Furthermore, in the present embodiment, the
withdrawal force Fdc applied to the dog clutch 8c before-
hand in the step S15 is defined to be under a permitted
upper limit value Fdc_L within which the size of the shift
shock that accompanies the switch from the engaged
state to the disengaged state in the dog clutch 8c is in a
tolerable range. Therefore, it is possible to achieve the
above mentioned effects where without the shift shock
that accompanies the switch from the engaged state to
the disengaged state in the dog clutch 8c exceeding the
tolerable range and creating a problem.

[0069] Moreover, applying a withdrawal force Fdc =
Fdc_L to the dog clutch 8c beforehand in step S 15 there-
by obtains the aforementioned effects; therefore while
progressively switching to the locked state in the friction
clutch 9c, when, as showninFIG. 3, the decreasing trans-
mission torque Tdc of the dog clutch 8c arrives at a pre-
determined value Tdc_L (t3), the dog clutch 8c automat-
ically switches from the engaged state to the disengaged
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state. The switch to the relevant state in the dog clutch
8c takes place without any particular kind of control, and
may be made to happen inexpensively and accurately.
[0070] Furthermore, the timing for starting application
of the withdrawal force Fdc = Fdc_L to the dog clutch 8c
beforehand may be defined as the instant 2 which is the
set time TMs after the shift start instant t1 (the time for
the start of progressive switching to the locked state in
the friction clutch 9c). The set time TMs is defined so that
the instant t2 is the moment before instant t3 which is
when the transmission torque Tdc of the dog clutch 8c
becomes the permitted upper limit value Tdc_L for the
shift shock. Therefore, it is possible to prevent the point-
less wasting of energy resulting from needlessly applying
the withdrawal force Fdc=Fdc_L during the instants t1-
t2, while achieving the aforementioned effects.

Embodiment 2
<Configuration>

[0071] FIG. 5 illustrates the shift control program for
the shift control device according the second embodi-
ment of the present invention. In the present embodi-
ment, the shift control system is similar to the system in
FIG. 1; the controller 21 executes the shift control pro-
gram in FIG. 5 and, instead of FIG. 3 executes the shift
control coinciding with the operation time chart in FIG. 6.
[0072] Steps S 13, S 14, and S 19 in the shift control
program in FIG. 2 are removed from the shift control pro-
gramin FIG. 5. Other steps which coincide with the same
processes in FIG. 2 are given the same reference nu-
merals. For simplicity, a repeated explanation thereof will
be avoided.

[0073] As shown in FIG. 6, in the shift control of the
present invention according to the control program in
FIG. 5, after the shift start instant t1 (the time for the start
of progressive switching to the locked state in the friction
clutch 9c), the withdrawal force Fdc = Fdc_L is applied
to the dog clutch (step S 15) beforehand. In this manner,
in this case as well and similarly to the first embodiment,
applying the withdrawal force Fdc = Fdc_L to the dog
clutch 8c beforehand causes the switch from the en-
gaged state to the disengaged state to take place auto-
matically in the dog clutch 8c at the instant t3 when the
transmission torque Tdc of the dog clutch 8c is Tdc =
Tdc_L.

<Effects>

[0074] According to the shift control in the second em-
bodiment, the same manner of effects as the first em-
bodiment are achieved and not only that, the additional
advantage is that time management using the aforemen-
tioned timer TM, and determining the set time TM are no
longer necessary.
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Embodiment 3
<Configuration>

[0075] FIG. 7 illustrates the shift control program for
the shift control device according the third embodiment
of the present invention. In the present embodiment, the
shift control system is similar to the system in FIG. 1; the
controller 21 executes the shift control program in FIG.
7 and, instead of FIG. 3 executes the shift control coin-
ciding with the operation time chart in FIG. 8.

[0076] Step S13 and step S14 in the shift control pro-
gram in FIG. 2 are replaced by step S23 and step S24
respectively in the shift control program in FIG. 7, while
step S19 from the shift control program in FIG. 2 is re-
moved from the shift control program in FIG. 7. Other
steps which coincide with the same processes in FIG. 2
are given the same reference numerals. For simplicity,
a repeated explanation thereof will be avoided.

[0077] Atfter starting to gradually increase the friction
clutch transmission torque Tfc by progressively locking
the friction clutch 9c in step S12, the transmission torque
Tdc of the dog clutch Tdc is decreasing as shown in FIG.
8 as the friction clutch transmission torque Tfc, gradually
increases, and in the selected step S23, the transmission
torque Tdc is fully acquired.

[0078] In the next step S24, it is confirmed whether or
not dog clutch transmission torque Tdc is less than or
equal to a set value Tdc_S.

[0079] Here, as shown in FIG. 8, in relation to the dog
clutch transmission torque Tdc the above mentioned set
value Tdc_S is defined as a value (Tdc_S = Tdc_L +
ATdc) which is larger than the predetermined value for
the dog clutch transmission torque Tdc (in FIG. 8, the
same as FIG. 3 which is the permitted upper limit value
Tdc_L for the shift shock) by the amount of a given pro-
portional margin ATdc.

[0080] At step S24, during the time prior to instant t2
in FIG. 8 when it is determined that the dog clutch trans-
mission torque Tdc is less than the set value Tdc_S, the
control returns to step S23, and acquires more of the dog
clutch transmission torque Tdc while in standby.

[0081] Atstep S24 at the instantt2in FIG. 8 when itis
determined that Tdc < Tdc_S, the control proceeds to
step S15 where the dog clutch withdrawal force Fdc is
changed from zero to the permitted upper limit value
Fdc_L (or less).

[0082] In this manner, if it is ensured that a withdrawal
force Fdc less than or equal to the permitted upper limit
value Fdc_L is applied to the dog clutch 8c beforehand,
the dog clutch transmission torque Tdc which continues
to decrease even after the instant t2 (refer to FIG. 8)
decreases to a torque value that corresponds to the dog
clutch withdrawal force Fdc (< FAC_L) at the instant t3
in FIG. 8 which is the time that the dog clutch 8c auto-
matically switches from the engaged state to the disen-
gaged state due to the withdrawal force Fdc (< FdC_L).
Further atthe instant t3 in FIG. 8 when switching the state
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in the dog clutch 8cis complete (step S16) the dog clutch
withdrawal force Fdc is set to zero (step S 17).

<Effects>

[0083] According to the shift control in the third embod-
iment, as illustrated with the operation timing chart there-
for in FIG. 8, the operation timing chart is the same as
the operation timing chart shown in FIG. 1. The present
embodiment achieves the same manner of effects as the
first embodiment. Not only that, the instant t2 in FIG. 8
when the withdrawal force Fdc less than or equal to the
permitted upper limit value Fdc_L would start to be ap-
plied to the dog clutch 8c is determined based on the dog
clutch transmission torque detected value Tdc detected
by the sensor 23; therefore, even if the instant t3 in FIG.
8 when the switching of states for the dog clutch 8c varies
because of individual differences or chronological chang-
es, it is possible to ensure that the instant at which the
withdrawal force less than or equal to the permitted upper
limit value Fdc)_L would start to be applied to the dog
clutch is reliably before the instant t3 at a prearranged
timing t2, which is a further obvious improvement over
the aforementioned effects.

Other Embodiments

[0084] In all of the above mentioned first through third
embodiments, as shown in FIGS. 3, 6, and 8, the with-
drawal force Fdc_L is applied to the dog clutch 8c be-
forehand, that is before the instant t3 when the dog clutch
transmission torque Tdc decreases to the permitted up-
per limit value Tdc_L, so that the dog clutch 8c can au-
tomatically switch from the engaged state to the disen-
gaged state whe the dog clutch transmission torque Tdc
decreases to the permitted upper limit value Tdc_L. How-
ever, it is possible set the timing to the instant t3 when
the dog clutch transmission torque Tdc drops to the per-
mitted upper limit value Tdc_L and apply the withdrawal
force Fdc_L to the dog clutch 8c to switch the dog clutch
8c from the chewed stated to the disengaged state.
[0085] If this idea is adopted in the first embodiment,
the set time TMs in step S14 in FIG. 2 may be made to
correspond with a time determined by experiment and
so forth that is between t1-t3. If this idea is adopted in
the third embodiment, the dog clutch transmission torque
set value Tdc_S can be set as Tdc_S = Tdc_L.

[0086] If modified in this manner, the timing at which
the withdrawal force Fdc_L is applied to the dog clutch
8c becomes the timing for switching the dog clutch 8c
from the engaged state to the disengaged state and
thereby avoids needless consumption of energy because
there is no need to apply the withdrawal force Fdc_L to
the dog clutch 8c beforehand.
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1. A shift control device for an automatic transmission
for shifting by switching an interference shift element
from an engaged state to a disengaged state, and
by switching a friction shift element from a released
state to a locked state wherein the shift control device
is characterized by comprising:

a progressive friction-shift-element switchover
means which causes progressive switching of
the friction shift element from the released state
to the locked state prior to the switching of the
interference shift element from the engaged
state to the disengaged state; and
aninterference-shift-element switchover means
which causes the switching of the interference
shift element from the engaged state to the dis-
engaged state when transmission torque of the
interference shift element decreases to a pre-
determined value as the progressive friction-
shift-element switchover means causes pro-
gressive switching of the friction shift element
from the released state to the locked state.

2. The shift control device for an automatic transmis-
sion described in claim 1 characterized in that:

the predetermined value related to the transmis-
sion torque for the interference shift element is
a transmission torque permitted upper value for
the interference shift element which is a tolera-
ble level for a shift shock generated in associa-
tion with the switching of the interference shift
element from the engaged state to the disen-
gaged state.

3. The shift control device for an automatic transmis-
sion described in claim 1 or claim 2 characterized
in that:

the interference-shift-element  switchover
means executes the necessary switching of the
interference shift element from the engaged
state to the disengaged state when the trans-
mission torque of the interference shift element
decreases to a predetermined value based on
a time elapsed since the progressive friction-
shift-element switchover means started to pro-
gressively switch the friction shift element from
the released state to the locked state.

4. The shift control device for an automatic transmis-
sion described in claim 3 characterized in that:

the interference-shift-element  switchover
means switches the interference shift element
from the engaged state to the disengaged state
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as if the transmission torque of the interference
shift element had decreased to a predetermined
value when a predetermined time has passed
from the time the progressive friction-shift-ele-
ment switchover means started to progressively
switch the friction shift element from the re-
leased state to the locked state.

5. The shift control device for an automatic transmis-
sion described in claim 3 characterized in that:

the interference-shift-element  switchover
means applies a switchover force to the inter-
ference shift element beforehand that causes
the interference shift element to automatically
switch fromthe engaged state to the disengaged
state when the transmission torque of the inter-
ference shift element which is decreasing as the
progressive friction-shift-element switchover
means progressively switches the friction shift
element from the released state to the locked
state decreases to the predetermined value.

6. The shift control device for an automatic transmis-
sion described in claim 4 characterized in that:

the interference-shift-element  switchover
means applies the switchover force to the inter-
ference shift element beforehand from a given
time during a period from the start of shifting until
the transmission torque of the interference shift
element decreases to the predetermined value.

7. The shift control device for an automatic transmis-
sion described in claim 6 characterized in that:

the interference-shift-element  switchover
means applies the switchover force to the inter-
ference shift element beforehand from the time
a set time has elapsed since the progressive
friction-shift-element switchover means started
to progressively switch the friction shift element
from the released state to the locked state.

8. The shift control device for an automatic transmis-
sion described in claim 1 or claim 2 characterized
in that:

the interference-shift-element  switchover
means is provided with a transmission torque
detection means that detects the transmission
torque for the interference shift element which
decreases as the progressive friction-shift-ele-
ment switchover means started to progressively
switch the friction shift element from the re-
leased state to the locked state; and

the interference-shift-element  switchover
means applies the switchover force to the inter-
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ference shift element from a time the transmis-
sion torque of the interference shift element de-
tected by the transmission torque detection
means decreases to a set value which is the
adding of a given proportional margin to the pre-
determined value.
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FIG. 1
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FIG. 7
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